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Available online 26 September 2014AbstractObjective: To compare smear layer removal after root canal final irrigation with 17% Ethylenediaminetetraacetic acid (EDTA),
10% citric acid (CA), Biopure MTAD, and 0.2% chitosan solutions.
Materials and methods: Fifty extracted maxillary central incisors were decoronated to a root length of 16 mm. They were cleaned
and shaped using ProTaper system up to size F4 and 2.5% sodium hypochlorite (NaOCl) irrigation throughout instrumentation. The
specimens were divided into 5 equal groups according to the final irrigation solution; group I: 17% EDTA, group II: 10% CA, group
III: MTAD, group IV: 0.2% chitosan, group V (control): 2.5% NaOCl. Samples were split longitudinally and examined under
scanning electron microscope for smear layer presence at coronal, middle and apical root canal levels.
Results: 0.2% chitosan solution has the lowest mean rank of smear layer scores at all tested root sections. The efficacy of MTAD in
smear layer removal was better than that of 17% EDTA and 10% CA at the apical level. Coronal sections recorded the lowest mean
ranks of smear layer score and the highest was found at the apical section.
Conclusion: Final irrigation with 0.2% chitosan solution was more efficient in smear layer removal. 17% EDTA, 10% CA, MTAD
and 0.2% chitosan effectively but not completely remove the smear layer especially at the apical root levels.
© 2014, Production and Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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The success of endodontic treatment depends on
thorough cleaning and shaping of root canal system.
Even with modern techniques using nickeletitanium
files, more than 35% of the root canal's surface can be
left uninstrumented after nonsurgical root canal treat-
ment [1]. To remove debris and address these unin-
strumented surfaces, it is necessary to copiously
irrigate the root canal and help by killing microor-
ganisms, flushing debris, and removing both the
organic and inorganic portions of the smear layer fromthe Faculty of Dentistry, Tanta University.
1 Clorox Co, 10th of Ramadan, Egypt.
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the smear layer include chemical, ultrasonic, and laser
techniques, none of which is very effective or has
received universal acceptance [3].
Among the irrigants, NaOCl solution is considered
the gold standard because of its exceptional qualities as
an antiseptic and its tissue dissolving effects [4].
However, it is toxic to periapical tissue and has been
suggested to degrade micromechanical characteristics
of dentine [5]. Furthermore, it has no effect on the
inorganic part of the smear layer [6], as such a decal-
cifying agent should be used [7].
EDTA is a biocompatible, artificial amino acid with
a pH 7 that is used as a root canal irrigant in both
primary and secondary cases. Despite it has no anti-
bacterial effect, it restrains the growth and finally kills
microbes by chelating with metallic ions needed for
growth of bacteria [8]. EDTA at concentrations of
15e17% eliminates calcium from dentine leaving an
organic matrix with no lethal effect to periapical tis-
sues. The dual-irrigation regime of NaOCl and EDTA
has been used for removing the debris and smear layer,
resulting in successful debridement and aided in
enlarging narrow or obstructed root canals [9].
Citric acid, an organic acid, at concentrations
ranging from 1% to 50% has been used to remove the
inorganic substance of the smear layer efficiently [10]
with a 10% solution being the most common and are
used for 2e3 min at the end of instrumentation and
after NaOCl irrigation [11].
MTAD was introduced in endodontic as a substi-
tute to EDTA to eradicate the smear layer. It is a
combination of an antibiotic 3% doxycycline, a
chelating agent 4.5% citric acid and a detergent
Tween 80. It has less toxicity than 5.25% NaOCl, and
EDTA [12]. Dual-irrigation regime, initial rinsing of
instrumented root canals with dilute NaOCl was
recommended to enhance the efficacy of MTAD in
dissolving the smear layer [13]. It has been reported
to be biocompatible [14] and has an extended anti-
bacterial effect [15]. Unlike the use of EDTA, mini-
mal erosion of intraradicular dentin has been reported
when NaOCl and MTAD were used as the final rinse
[16].
Conflicting results regarding the effectiveness of
these solutions to remove smear layer and debris have
been reported. Most of studies reported that these
irrigants and chelating agents are ineffective, espe-
cially in the apical third [17]. Because of the recog-
nized limitations of all endodontic irrigants,
developing new and better irrigating solutions for
endodontics remains an area of great interest.Chitosan is a natural, cationic aminopolysaccharide
copolymer of glucosamine and N-acetylglucosamine
obtained by the alkaline, partial deacetylation of chitin
which is obtained from shells of crustaceans and
shrimps [18]. It is available in a variety of physical
forms: film, fiber, bead, powder, or as nanoparticles.
After cellulose, it is the most abundant substance in
nature, making its use ecologically interesting [19].
This polysaccharide has properties of biocompatibility,
biodegradability, bioadhesion and antimicrobial activ-
ity [20]. Chitosan possesses high chelating capacity for
various metal ions including Zinc, Cobalt, Iron, Mag-
nesium, and Cupper ions (Zn2þ, Co2þ, Fe2þ, Mg2þ and
Cu2þ respectively) in acid conditions [21]. Owing to
these properties, chitosan was applied to the treatment
of dentinal tubule infection, in cases of direct pulp
capping [22] and in tissue regeneration in pulp wounds
[23]. In 2012, Pimenta et al. [18] evaluated the effect of
chitosan on root dentin microhardness and revealed
that, there were no significant differences among 0.2%
chitosan, 15% EDTA and 10% citric acid solutions in
the reduction of root dentin microhardness. In addition
it was demonstrated that it cause little erosion of dentin
compared to 17% EDTA [24]. On the other hand,
studies on the chelating ability of chitosan on smear
layer removal are scarce in literatures.
Based on the above evidence this study aimed to
assess the smear layer removal ability of 17% EDTA,
10% CA, MTAD, and 0.2% chitosan solutions using
scanning electron microscope (SEM) on the coronal,
middle and apical thirds of instrumented root canals.
2. Materials and methods
2.1. Sample selection and preparation
Fifty periodontally involved human, mature, intact
maxillary central incisors with straight single root ca-
nals freshly extracted from 35 to 50 years old patients
were selected. A written consent was taken from these
patients after the study was approved by the Ethics
Committee of Tanta University to ensure their agree-
ment to use their teeth in the current study. The se-
lection of teeth was based on their relative dimensions,
similarity in morphology and absence of any cracks,
caries or defects within root portions. All teeth were
kept in 2.5% NaOCl solution1 for 15 min, then tissue
and debris remnant on root surface were removed and
stored in normal saline solution at 37 C until use
within three months after extraction [25].
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was decoronated and root length was standardized to
16 mm using a low speed diamond disk2 under water
as a coolant. The working lengths were measured by
deducting 1 mm from lengths recorded when the tips of
#15 K-files3 were just visible at the apical foramina.
The apex was then sealed with sticky wax to simulate
the clinical situation [26].
2.2. Root canal preparation
The canals were instrumented in a crown-down
manner using rotary ProTaper3 instruments at
250 rpm up to F4 file (size 40/0.06 apical third taper).
Root canal irrigation was performed with 2 mL of
2.5% NaOCl solution throughout instrumentation and
after using each file. Finally, the root canals were
rinsed with 5 mL of distilled water and randomly
divided into five groups (n ¼ 10) according to the final
irrigating solution used for smear layer removal. Group
I: 1 mL of 17%.
EDTA solution4 was used for 1 min [27]; group II:
3 mL of 10% CA5 was used for 3 min [11]; group III:
1 mL MTAD6 for 5 min [3]; group IV: 1 mL of 0.2%
chitosan was used for 3 min [24]. The 0.2% chitosan
solution was prepared by dissolving 0.2 g of chitosan
powder7 in 100 mL of 1% acetic acid. The mixture was
agitated using a magnetic agitator8 for 2 h to obtain
homogenous clear solution. Group V (control group):
1 mL of 2.5% NaOCl was used for 1 min. The irri-
gating solutions were delivered via a sterile 30-gage
nickeletitanium needle9 which penetrated to 2 mm of
the working length. The root canals were then flushed
with 5 mL of distilled water [16], dried with sterile
paper points3 and sterilized cotton pellets were placed
in the root canal orifices.
2.3. SEM evaluation
Longitudinal grooves were made on the buccolin-
gual surfaces on each root by using a diamond disk2 at
low speed without penetrating the canal, the roots were
then split in two halves with a chisel. For each root, the
half containing the most visible part of the apex and2 Brasseler, USA.
3 Dentsply Maillefer, Ballaigues, Switzerland.
4 Pulpdent, USA.
5 Ultradent, USA.
6 Biopure MTAD; Dentsply-Tulsa, Ok, USA.
7 Shandong Guanghao Biological products Co, Ltd, China.
8 Shanghai Instrument equipment Co., Ltd, China.
9 Flexi-Tip; SybronEndo, Orange, CA.best represented the total canal length was selected and
coded. The coded specimens were secured on metal
stubs, desiccated, sputter coated with gold, and
examined under SEM10 at X1000 magnification. The
root canal cleanliness was qualitatively assessed at the
coronal, middle, and apical regions of each root half of
each specimen using a graded scale from 0 to 2 to
assess the quality of smear layer removal according to
Kanter et al. [28] (0 ¼ completely opened tubules with
complete smear layer removal, 1 ¼ partially opened
tubules, 2 ¼ no open tubules).
2.4. Statistical analysis
Nonparametric data of smear layer scores were
presented as a percentage distribution and their mean
ranks were calculated for each group at each root
section. KruskaleWallis test was used to compare
between final irrigation solutions at each section and
ManneWhitney U test was used for pair-wise com-
parisons between groups whenever indicated. Fried-
man test was used to compare between root canal
thirds at each group followed by Wilcoxon signed rank
test for pair-wise comparisons between root canal
thirds if necessary. The significance level was set at
P  0.05. Statistical analysis was performed with
SPSS11 16.0 statistical package for Windows.
3. Results
A comparison of smear layer covering the dentinal
surfaces at coronal, middle and apical root canal levels
between groups were performed. ManneWhitney U
pair-wise comparison test revealed that, the control
group (group V) recorded the significantly highest
mean ranks of smear layer scores at the three tested
levels of the root canals in comparison to all experi-
mental groups (I, II, III and IV) (P ¼ 0.001) as shown
in Table 1 and Fig. 1.
Regarding the coronal root levels, it was observed
that score 0 was more frequent in all experimental
groups (Fig. 2), while most of samples of control group
recorded score 2. ManneWhitney U test recorded no
statistical significant differences among the experi-
mental groups coronally (P > 0.05). Smear layer
removal at the middle and apical thirds was more
effective when final irrigation was performed using
0.2% chitosan solution (group IV) (Fig. 3) recording
the significantly lowest mean ranks of scores compared10 JSM-5300 scanning microscope, JEOL, Peabody, MA, USA.
11 SPSS Chicago, IL.
Table 1
Score percentages and mean ranks of smear layer scores at the coronal, middle and apical levels of different groups.
Section Score Material
Group I (EDTA) Group II (CA) Group III (MTAD) Group IV (chitosan) Group V (control) KruskaleWallis
P-value
% Mean
rank
% Mean
rank
% Mean
rank
% Mean
rank
% Mean
rank
Coronal 0 8% 0.2a 8% 0.2a 9% 0.2a 10% 0a 0% 1.8b 0.003*
1 2% 2% 0% 0% 2%
2 0% 0% 1% 0% 8%
Middle 0 7% 0.4a 6% 0.5a 7% 0.4a 9% 0.1b 0% 2c 0.001*
1 2% 3% 2% 1% 0%
2 1% 1% 1% 0% 10%
Apical 0 5% 0.9a 4% 0.9a 7% 0.4b 7% 0.3b 0% 2c 0.037*
1 1% 3% 2% 3% 0%
2 4% 3% 1% 0% 10%
Friedman-test P-value 0.028* 0.009* 0.137 0.041* 1.933
ManneWhitney test: mean ranks of groups with different superscript letters ( a, b, c) are statistically significant.
Wilcoxon test: underlined mean ranks of root canal sections within each group are statistically significant.
*Significant at P  0.05.
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lution at the apical levels (P ¼ 0.129). There were no
statistical significant differences between groups I and
II at both middle and apical thirds (P > 0.05) although
they recorded significantly lower mean ranks of smear
layer score compared to group V (control group)
(Table 1).
Regarding intra-group comparison among different
sections of the root canals space at each group (Table
1), the coronal third had the lowest mean rank of
smear layer while the highest mean rank was associ-
ated with the apical root canal levels for groups I, II
and IV. Wilcoxon test demonstrated statisticalFig. 1. SEM micrographs (X1000) of apical section of root canal
wall after final irrigation with 2.5% NaOCl (control group) showing
completely covered surface with thick smear layer without any open
dentinal tubules (score 2).significant differences among all tested sections for
groups I and II. Whenever group IV utilizing Chitosan
solution was considered, a statistical significant dif-
ference was recorded between coronal and apical root
canal levels recording P-value of 0.031. However, the
middle and apical levels for groups III (MTAD) and V
(control) recorded similar mean ranks of smear layer
scores and both were higher than that of the coronal
level. Friedman test denoted that there was no statis-
tical significant difference among the root sections for
groups III and V.
4. Discussion
Using irrigation solutions in root canal therapy is an
essential procedure for the removal of the smear layer.
The clinical use of new irrigation and chelating solu-
tions must be preceded by laboratory studies that
investigate the benefits and consequences to the human
beings [29]. So, the efficiency of 0.2% chitosan solu-
tion to remove the smear layer was evaluated currently
using SEM which is one of the most commonly used
techniques for this purpose [30].
It is known that the efficiency of a chelating agent
depends on several factors including application time,
pH, concentration and amount of the solution [31].
Additionally, the relationship between the concentra-
tion of the chelating agent and the application time
seems to be important since it was found that highly
concentrated solutions applied for a long period, cause
roughness of dentin surface [24]. However the appli-
cation time of final irrigating solutions and its con-
centration were not standardized in this study. These
Fig. 2. SEM photomicrographs (X1000) of coronal sections of root canal dentin showing score 0 with open dentinal tubules and absence of smear
layer after final irrigation with 17% EDTA (a) and MTAD (b).
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structions and the findings of previous researchers
[3,11,24,27].
Currently, a heavy smear layer was present on
coronal, middle, and apical thirds of the control group.
This showed that using NaOCl alone did not remove
the smear layer. This finding is in accordance with
other studies showing that NaOCl is not effective in
removing the smear layer [3,16,32e34].
The effect of smear layer removal of 0.2% chitosan
solution used in this study was better than all tested
chelating agents at coronal, middle and apical thirds. A
previous report showed that application of the 0.2% of
chitosan solution for 3e5 min was the most viable
combination for use on the root dentin [18]. Despite
not fully knowing its mechanism of action, it isFig. 3. SEM micrographs (X1000) of an apical third of root canal
wall after 0.2% chitosan final irrigation demonstrating score 1, where
partially covered surface with smear layer and some dentinal tubules
are open.believed that adsorption, ionic exchange and chelation
are responsible for the elimination of dentin calcium
ions. Chitosan polymer is hydrophilic which favors
intimate contact with root canal dentin; and it is
adsorbed to root canal wall. Additionally it has large
number of free hydroxyl and amino groups that make it
cationic in nature [35] that is responsible for the ionic
interaction between the dentin calcium ions and the
chelating agent. Moreover, in an acid medium, the
amino groups present in the polymer are protonated,
resulting in attraction to other molecules for adsorption
to root dentin to occur and were capable of being
delivered to deeper location of dentinal tubules
[22,36]. Additionally, in the present research, chitosan
was dissolved in 1% acetic acid to form the solution
because it is insoluble in water, thus it was speculated
that the acid might supplement the chelating efficacy
of chitosan. This finding was consistent with the study
of Pimenta et al. [18] who showed that 0.2% chitosan,
15% EDTA and 10% citric acid solutions removed
smear layer efficiently from the middle third of the root
canal.
The removal of the smear layer was most efficient
when 1 mL of MTAD solution was applied for 5 min
after NaOCl as a basic irrigation [3]. This was followed
currently and the results showed that the use of MTAD
solution was significantly more effective than EDTA at
the apical thirds of root canals, however in coronal and
middle thirds; both MTAD and EDTA had similar re-
sults and recorded better smear layer removal than
10% CA at both apical and middle root canal levels.
The removal of smear layer by MTAD depended on the
active ingredient of 4.25% citric acid, and might be
attributed to the detergent polysorbate 80, which
decreased the surface tension [37] and might allow
MTAD to penetrate into dentinal tubules and its effect
on smear layer removal was enhanced. This finding
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who revealed that the effect of MTAD on smear
layer removal was superior to CA and EDTA. Adigu¨zel
et al. [38] who proved that the best results and
outstanding efficacy were associated with MTAD so-
lution compared to EDTA also supported it.
In contrast, Mancini et al. [16] showed that citric
acid had better removal of smear layer compared to
17% EDTA and MTAD solutions. This discrepant
finding can be explained by difference in the concen-
tration of CA where they used 42%. Moreover, Wu
et al. [34] concluded that the use of EDTA solution was
significantly more effective than MTAD at the coronal
third and middle third which contradict the present
finding. This could be explained by the difference in
time of application where they used 1 mL MTAD for
1 min; however it was used for 5 min in the present
study.
It is noteworthy that the efficacy of smear layer
removal of MTAD at both middle and apical levels was
similar and not significantly different than that of the
coronal levels. It inferred that reducing surface tension
of MTAD solution by surfactant improves its wetting
ability [18] and spread into narrow canals [24] and
might allow MTAD to permeate better into the root
canal system apically and improve its efficacy [39].
This finding concurs with the results of Torabinejad
et al. [3] showing an effective cleaning action with
BioPure MTAD in the apical third. In contrast, Macini
et al. [16] demonstrated that MTAD did not remove
smear layer efficiently from the apical third. This
confliction might by due to the difference in the type of
rotary files used in his study (size 30/0.04 taper GT
system) in addition to the short time (1 min) of using
the irrigation solution.
In general, analysis of the dentinal wall of all
specimens in EDTA, CA and Chitosan groups revealed
that they were less effective on smear layer removal at
the apical third compared to the coronal two thirds.
This was possibly attributed to the reduction of diam-
eter and the increase of depth of the root canal. The
flow ability and backflow of the fluid were thus found
to be poor in the apical third [34]. While more abun-
dant and larger dentinal tubules coronally [40] exposes
the dentin to a higher volume of irrigants, allowing a
better flow of the solution and, hence, further
improvement in the efficiency of smear layer removal.
This was confirmed by several researchers [3,4,39]
who concluded that greater amounts of smear layer
were found at the apical third of the canal. In addition,
others reported differences in smear layer removal
between apical and coronal two thirds of root canalsafter using different concentrations of citric acid
[10,16,39].
In contrast with current results, several authors
[32,33] found that the combination of 17% EDTA and
5% NaOCl is an effective irrigating solution in
removing the smear layer in the apical third of
instrumented canals. This difference may be explained
by the various volumes of irrigants (from 3 to 10 mL)
and type of rotary files used. It has been shown that the
design of the cutting blade of rotary instruments can
affect root canal cleanliness [41]. This was supported
by Adigu¨zel et al. [38] and Lui et al. [42] who
demonstrated that effective debridement of root canals
especially in the apical third may be attributed to the
use of SAF file and using of sonic activation that may
positively affect the smear layer removal.
Within the limitations of this study, it can be
concluded that the tested chelating agents could
effectively, but not completely, remove the smear layer.
They were more effective in the coronal two thirds
than in the apical third of the root canal. Further studies
are needed to investigate in details the physical,
chemical and biological properties of 0.2% chitosan
solution to verify the benefits of their use as root canal
chelating agents.References
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